To assess the contribution of lead in motor exhaust to the total uptake of lead it is necessary to know the amount deposited in the lungs, the uptake thence to blood and other tissues, and the rate of excretion from the body. There (Fig. 1) . A similar effect was obtained by drawing the usual chain-aggregate type aerosol through a humidifier.
to the total uptake of lead it is necessary to know the amount deposited in the lungs, the uptake thence to blood and other tissues, and the rate of excretion from the body. There are reports of experiments in which volunteers have inhaled aerosols of lead oxide or sesquioxide (Kehoe, 1961; Hursh et al., 1969; Booker et al., 1969; Cole and Lynam, 1972) but the physical and chemical characteristics of the particles differed from those of the exhaust aerosol. Blood lead has also been measured in persons with varying degrees of exposure to exhaust lead (Azar, Snee and Habibi, 1972; Jones, Commins and Cernik, 1972) or industrial lead (Williams, King and Walford, 1969) . By attaching a radioactive label (203Pb, radioactive half-life 52 hr) to tetraethyl lead (TEL) which is then mixed with petrol and burnt in an engine, we have made a realistic tagged lead exhaust aerosol, and this has been inhaled by volunteers. The retention in the lung, removal to blood, and excretion of the lead have been followed by measuring 203Pb in the body, in blood and in excreta, using techniques of gamma-ray spectrometry. (Fig. 1) . A similar effect was obtained by drawing the usual chain-aggregate type aerosol through a humidifier.
In some experiments the container was exposed to sunlight for about 1 hr so that the aerosol received ultra-violet radiation before inhalation took place.
Inhalation
The subjects, who were seated at rest, inhaled the aerosol through a mouthpiece, and exhaled through a filter to a spirometer. The breathing rate and average minute volume of the subjects were measured. After about ten breaths the subject breathed room air for a short time while the spirometer was re-set. (Lawther et al., 1972) . This is particularly true when, as shown in Fig. 1 , the physical characteristics of the particles change while they are in the respiratory tract.
Removal from lung
The collimated detectors viewing the subject's thorax responded to systemic activity in the chest region as well as to material remaining in the lungs. For some subjects, approximate corrections for this could be calculated from the response of the chest counters to systemic activity after injection of 203Pb. Fig. 2 shows the response, corrected in this way, from one subject after inhalation of irradiated and non-irradiated exhaust. In both cases a proportion of the activity was removed from the lung with a half-life of about 6 hr. Approximately 90% of the non-irradiated aerosol was cleared at this rate, the remainder showing a half-life of -75 hr. With the irradiated exhaust, however, the slower clearance phase became apparent after only -50% had been removed. Two other subjects showed similar twophase patterns, but with less difference between the irradiated and non-irradiated exhausts.
Uptake by blood Figure 3 shows the amount of 203Pb in blood at various times after inhalation (six subjects, thirteen experiments), injection of 203Pb Cl2 in saline (three subjects) and injection of tagged red cells (three subjects). The results are derived from measurements of 203Pb in samples of venous blood, and expressed as the percentage of the total initial body burden, using the estimated blood volume for each subject.
Following inhalation, 203Pb in blood increased to a maximum at about 50 hr, when an average 48 % of the initial lung burden had been transferred to blood. This result, which agrees with previous work (Hursh (Stover, 1959) and humans (Hursh et al., 1969; Booker et al., 1969; Hursh and Mercer, 1970 ) and attributed to a very rapid partitioning of lead between plasma and extracellular fluid. The 203Pb in blood reached a peak a few hours after injection, at which time the percentage of the dose in blood was similar to that reached after inhalation.
Tests in vitro, confirming other work (Booker et al., 1969; Clarkson and Kench, 1958) showed that 90% of 203Pb added in saline solution was removed from plasma to red cells within 15 min, and in venous blood samples no more than 3 % of the 203Pb was in the plasma. Following injection of 203Pb which had been incubated with the subject's blood, there was initially nearly 100% pro rata recovery in blood samples, but thereafter 203Pb in blood declined and after 100 hr there was little difference between the amount in blood following saline and tagged cell injection. It appears, therefore, that even with incubation before injection 203Pb is equilibrated between blood and other tissues. From about 3 or 4 days after inhalation, 203Pb in blood declined with an initial half-life of 15 days. Figure 4 shows the pooled results from six subjects. Radioactive decay of 203Pb prevented this being followed for more than one biological half-life. Rabinowitz, Netherill and Kopple (1973) (Hursh, 1973) and it is unlikely that the 15-to 17-day half-life in humans would continue indefinitely. six subjects for the first 2 days, reducing to two subjects on days 10 and 11. The lower curves (injection of tagged cells) refer to one subject only. The faecal excretion of inhaled 203Pb was only slightly greater than the faecal excretion of injected 203Pb. As about 90% of ingested lead is excreted in faeces (literature values confirmed by a separate study on three subjects who ingested aerosol on filter paper in the course of the present work), it is evident that only a small fraction of the retained inhaled dose was brought up by ciliary action and swallowed.
Immediately after inhalation and injection, renal clearance (rate of excretion of 203Pb in urine divided by 203Pb/unit volume of blood) was high, as in previous work with 212Pb (Booker et al., 1969) . This is attributed to clearance from the plasma during the initial equilibration. The average renal clearance several days after inhalation or injection was 4-3 ml/hr, compared from example with 4-5 ml/hr clearance of stable lead measured by Kehoe (1961) in ten normal subjects. The ratio of endogenous faecal to urinary clearance (F/U) from 72 hr after inhalation onwards was 0-6. A ratio F/U = 0-8 was found following injection of 210Pb in a baboon (Cohen, Wrenn and Eisenbud, 1971 ).
The total urinary plus endogenous faecal excretion therefore gave an average clearance rate of 7 ml/hr. The average estimated blood volume of the subjects was 4-8 litres. Making no allowance for exchange of 203Pb between bone or other organs and blood, the decay constant for blood lead deduced from the excretion is X = 7/4800 = 1 5 x 10-3 h-1.= 0-035 d-l and the corresponding half-life is 20 days in fair agreement with Fig. 4 
